This study examined the incidence and risk factors associated with lateral helical blade migration and trochanteric pain with the trochanteric fixation nail. A retrospective review was performed of 141 cases of pertrochanteric femur fracture treated with a trochanteric fixation nail at a level I trauma center over a period of 42 months. Exclusion criteria included follow-up of less than 60 days, preexisting osteonecrosis of the femoral head, and prophylactic trochanteric fixation nail treatment. Patient demographics, operative findings, and radiographic findings were recorded. Medical records were reviewed to identify symptomatic hardware. Overall, 27 patients (19.1%) were symptomatic, and 3 (2.1%) required revision surgery for blade prominence. Of the patients, 42 (30%) had lateralization of greater than 1 cm, and 16 of these (38.1%) were symptomatic (P<.02). A risk factor for lateralization was AO classification, with 46.1% of type A2 fractures showing lateralization of greater than 1 cm. The quality of calcar reduction nearly reached statistical significance, and 44.8% of patients who had inadequate reduction had lateralization of greater than 1 cm compared with 26.4% of patients who had adequate reduction (P=.054). Lateralization of greater than 1 cm was directly associated with the presence of symptoms (P<.001) and removal of hardware because of trochanteric pain (P=.007). Multivariate analysis showed that increasing tip-apex distance, inadequate calcar reduction, and greater fracture severity were predictive of excessive lateralization of greater than 1 cm. Nearly 20% of patients had lateral hip pain associated with cephalomedullary fixation. Final lateralization of the helical blade of greater than 1 cm was a very strong predictor of symptoms. During preoperative counseling, surgeons should caution patients about this relatively frequent and likely underreported complication. [Orthopedics. 201x; xx(x):xx-xx.]
The Trochanteric Fixation Nail (TFN; DePuy Synthes, West Chester, Pennsylvania) is a cephalomedullary nail commonly used in the United States to treat pertrochanteric femur fractures. The first generation of this implant has been shown both clinically and biomechanically to provide reliable, stable fixation for both stable and unstable pertrochanteric femur fractures. [5] [6] [7] However, a commonly documented complication at short-to mediumterm follow-up is lateral migration of the helical blade. A 2013 retrospective review reported a 9.4% incidence of lateral migration of greater than 1 cm. 8 Excessive lateral migration of the helical blade may cause hip pain with ambulation, iliotibial band irritation, or trochanteric bursitis, and some patients require blade exchange or hardware removal. Any complication that impedes mobilization or necessitates reoperation is significant. 1, 9 The current authors hypothesized that lateralization of the helical blade after cephalomedullary fixation with a TFN is an underreported complication that causes a significant number of repeat procedures for hardware exchange or removal. This study evaluated 3 issues specifically: (1) the average radiographic lateralization of the helical blade; (2) the percentage of pertrochanteric hip fractures that require helical blade removal or exchange because of symptomatic hardware; and (3) the risk factors for reoperation as a result of lateralization.
Materials and Methods
A retrospective review was performed of proximal femur fractures (AO types 31-A1 to 31-A3) that were treated operatively with a TFN at a level I trauma center over a 42-month period. 11 The hospital electronic medical record database was used to identify patients who had Current Procedural Terminology (CPT) code 27245 recorded between June 1, 2012, and December 31, 2015. Inclusion criteria included postoperative follow-up of 60 days with a definitive end point of patient care (healed fracture, failure of fixation, or death). Excluded from the study were patients who were lost to follow-up before a definitive end point was reached, those with preexisting avascular necrosis of the femoral head, and those treated with a TFN prophylactically in the absence of fracture. Patient data collected included basic demographic information, oncologic vs nononcologic cause of fracture, geriatric classification (70 years of age or older), American Society of Anesthesiologists classification, 10 time to treatment from injury, date of last radiographic and clinical follow-up, and date of death, if applicable. Fracture and treatment characteristics were assessed as well and included fracture classification (stable vs unstable according to the AO/OTA classification), 11 tip-apex distance, 12 quality of calcar reduction, lateralization of the helical blade immediately postoperatively, subsequent lateralization on follow-up radiographs, presence of clinical symptoms as a result of lateralization, and the need for hardware exchange or revision as a result of lateralization. The type of implant used (short, medium, or long), the length of the helical blade, and the diameter of the nail also were recorded for analysis. All radiographs were reviewed by a chief orthopedic resident or a board-certified orthopedic trauma surgeon (P.A.S., M.L.G., C.A.S., P.F.B.).
To determine the average amount of lateralization of a helical blade during treatment of pertrochanteric fracture, the authors measured the distance along the fixed angle of the blade lateral to the cortex (standardized for magnification) at final follow-up. To differentiate between initial lateralization (related to the surgical technique) and final lateralization (related to sliding or migration along the fixed angle), the authors reported the incremental lateralization found at final follow-up compared with initial postoperative radiographs.
To evaluate the percentage of pertrochanteric hip fractures that require helical blade removal or exchange because of symptomatic hardware, the authors calculated the percentage of patients who had final lateralization of greater than 1 cm because this was described previously as a critical amount. 8 To identify differences between patients who were symptomatic or underwent revision and those who were asymptomatic, the authors compared all patients with greater than 1 cm of lateralization. Averages were compared with Student's t test, with significance set at P=.05. Fisher's exact test was used to compare the percentage of symptomatic vs asymptomatic patients with lateralization of greater than 1 cm.
To assess the risk factors for reoperation as a result of lateralization, the authors performed bivariate analysis of patient demographics, fracture characteristics, and treatment factors associated with severe lateralization. They compared these factors in patients who were not symptomatic and did not undergo revision surgery vs those who either were symptomatic or required revision surgery. For categorical variables, chi-square tests were used, and for continuous variables, Student's t tests were used. Significance was set at P<.05. Multivariate logistic regression was performed with all significant variables from the bivariate analysis to determine which variables were independently predictive of severe lateralization. All patient, injury, and treatment factors with P<.10 were included in the bivariate analysis.
results
The electronic medical record database identified 372 patients with CPT code 27245. Of those, 141 were included in the final statistical analysis after the inclusion criteria were met. A total of 94 patients were excluded because of the use of a different implant for subtrochanteric injuries. Another 131 patients were excluded because of inadequate follow-up or early death. An additional 6 patients were ex-cluded because they did not have adequate postoperative radiographs. Of the patients, 59% were women; average age at the time of injury was 69 years (range, 19-105 years). Average length of follow-up was 202 days (range, 43-855 days). The most prevalent injury pattern was AO type A2 fracture (55%), 11 followed by type A1 (27%) and then type A3 (18%). Of the patients, 79% had adequate calcar reduction of the fracture on imaging immediately postoperatively. Adequate calcar reduction was defined as reduction of the posteromedial calcar with less than 2 mm of step-off on imaging immediately postoperatively. 5 Average tip-apex distance on imaging immediately postoperatively was 21.9 mm (range, 8.4-52.3 mm).
Average helical blade lateralization on imaging immediately postoperatively was 2.68 mm (SD, 3.75) (Figure 1) . Average helical blade final lateralization was 6.95 mm (SD, 6.77), with a resultant average migration of the blade of 4.21 mm (SD, 5.01). In 42 patients (30%), final lateralization was greater than 1 cm, and in 21 of these (15%), migration was greater than 1 cm.
Of the 27 patients (19.1%) who were symptomatic, 3 patients (2.1%) required revision surgery for blade prominence. An additional 2 patients in the series required revision surgery for other reasons (wound infection, 1; helical blade cutout, 1). In patients who were symptomatic, average final lateralization was 11.37 mm (SD, 7.63) compared with 5.89 mm (SD, 6.12) in patients who were not symptomatic (P<.001) (Figure 2) . Of the 27 symptomatic patients, 16 (59.3%) had lateralization of greater than 1 cm compared with 26 of 114 (22.8%) asymptomatic patients (P<.0001).
Bivariate analysis showed that higher AO/OTA fracture classifications (AO types A2 and A3) were associated with severe lateralization (>1 cm). A larger tip-apex distance also was predictive of severe lateralization. Adequate calcar reduction may be protective against lateralization, and 84% of patients without severe lateralization had adequate reduction compared with 69% of patients with lateralization of greater than 1 cm ( Table  1) . Bivariate analysis also was conducted 
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for risk factors for lateral trochanteric pain over the hardware at final follow-up. The only predictive risk factors that were identified were blade prominence and length of follow-up. The AO/OTA fracture classification trended toward significance (P=.067) ( Table 2 ). Multivariate analysis showed that more severe fracture patterns (AO types A2 and A3), lack of adequate calcar reduction, and greater tip-apex distance were all independently predictive of severe lateralization at final follow-up.
discussion
The current findings highlight a significant problem with many cephalomedullary implants that are designed to allow guided compression along the fracture line: telescoping of the implant with subsequent implant lateralization. In the study cohort, average final lateralization was almost 7 mm, and a full 30% of patients had a blade that was 1 cm prominent to the lateral cortex. At first glance, this amount of lateralization appears to be in stark contrast to the findings of many previous series. [5] [6] [7] However, most series focused on the amount of migration (change in the blade position from postoperative radiographs to final radiographs) and not on the overall prominence of the helical blade.
One study specifically reported severe migration (>1 cm) in only 9.4% of patients. 8 Although this finding is less than the 14.9% rate of migration of 1 cm seen in the current study, these numbers are reasonably comparable. Specifically, these 2 studies found a similar percentage of adequate calcar reduction (65.0% in their cohort vs 79.4% in the current series) and a similar rate of stable fracture patterns (31.4% vs 27.0%). A similar study 5 also focused more on blade migration (ie, the distance the implant moves from postoperative radiographs to final followup) rather than overall final lateralization. With this approach, initial intraoperative compression with some lateralization was protective against further telescoping. The average migration of 3.4 mm observed in the other study 5 was similar to the average migration of 4.2 mm observed in the current study. The variation in cohorts may simply be the result of variation in the rate of intraoperative compression, and the authors believe that this finding is further evidence that significant lateralization may be an underappreciated problem, especially when the focus is on postoperative implant motion.
Overall, cephalomedullary nail fixation has been a successful procedure, with a relatively low revision rate. When all reasons for revision are considered, earlier series reported revision rates of 2.2% to nearly 5%. 5, 8 The current findings were consistent with previous reports, showing an overall revision rate of 3.5%. However, 60% of these revisions were related to pain and lateral prominence of the hardware. Although only 2.1% of patients in the current study required subsequent surgery because of implant lateralization, nearly 1 in 5 patients reported lateral hip pain directly over the helical blade at final follow-up. In contrast, in another series, only 9% of revisions were related to lateralization. 8 That series reported a rate of lateral hip pain that was less than half of the rate reported in the current series, despite similar radiographic findings. Although reported rates of lateral hip pain vary, even the most conservative articles report problems in 1 of every 11 hips treated with TFN. These results beg the question: Is helical blade lateralization a true mechanical problem, or is it necessary to prevent catastrophic cutout through the femoral head?
In the current study, the only risk factors for symptoms were those measuring blade prominence. For this reason, the risk factors for significant implant lateralization were further analyzed. The results indicated that a more unstable fracture pattern (AO types A2 and A3) was a significant predictor of lateralization of greater than 1 cm. Similarly, adequate calcar reduction appeared to be protective against significant further collapse. Although the importance of fracture classification was similar to the findings of Gardner et al, 5 the quality of reduction was not a significant predictor of lateralization in that study. A 2013 study by Liu et al 8 confirmed that both the quality of calcar reduction and an unstable fracture pattern were significant independent predictors of excessive lateralization of the helical blade.
Analyses also showed that the tip-apex distance of the helical blade was a significant predictor of lateralization of greater than 1 cm as well as a potential predictor of symptoms. To the authors' knowledge, this finding has not been reported previously. Baumgaertner et al 12 reported that a tip-apex distance of greater than 25 mm was a significant risk factor for cutout of a sliding hip screw. Based on the current results, achieving a tip-apex distance of less than 25 mm appears to be protective against lateralization and subsequent trochanteric symptoms at final follow-up.
The current results highlight the frequency of lateral hip pain in patients undergoing treatment for pertrochanteric hip fracture with cephalomedullary implants. Although this pain simply may be a likely outcome of allowing guided compression instead of implant cutout, a 20% rate of hip pain is a sobering cost. The current results indicated that blade removal and replacement with a shorter implant could be effective in relieving pain.
Limitations
This study was limited by its retrospective nature and the lack of patientoriented outcome measures. However, these findings may underrepresent the magnitude of the problem because patient complaints of lateral hip pain may not be universally documented in postoperative notes. Although some risk factors cannot be modified (eg, AO/OTA classification), attention to detail during fracture reduction and appropriate implant placement, with a minimal tip-apex distance, may forestall this common and underreported complication.
conclusion
Final lateralization of the helical blade of greater than 1 cm was a strong predictor of symptoms. During preoperative counseling, surgeons should caution patients about this relatively frequent and likely underreported complication.
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